The price fluctuation and negative environmental effect of mineral oil-based lubricant are the main factors which instigate the research on high-oleic vegetable oil as its possible replacement. In this study, the factors involved in blending process of waste cooking oil (WCO) and Jatropha curcas oil (JCO) as biolubricant basestock were investigated using 2-level factorial design. The molar ratio of WCO to the JCO (WCO:JCO), stirring speed and blending times were the three factors studied. The WCO:JCO, stirring speed and the blending time were found to be significant to the increased of oleic acid content in the basestock. The highest percentage of oleic acid achieved was 53.31 % at molar ratio of WCO:JCO at 20:80, 350 rpm and time at 30 minutes. Thus this study exposed the potential of new blending oil which are comparable with other vegetable and mineral oils as base stock for bio-lubricant in term of fatty acid compositions.
Introduction
The consideration of utilizing bio-based resources has become the main attraction due to the issue on the price fluctuation of petroleum feedstock. In addition, the strict government regulation on environment and increase of environment-concern societies spark a demand for environmentally friendly bio-lubricants. Most lubricants start off from petroleum stock, which harmful to the atmosphere and difficult to dispose. In many industries, as high as 40 % of lubricant were disposed to the environment. Vegetable oils with high oleic content are the possible candidates to substitute conventional mineral oil-based lubricating oils and synthetic esters [1] .
In general, Malaysian Jatropha curcas oil (JCO) is rich with unsaturated fatty acids, amounting about 78.94%, compared to 21.05% of saturated fatty acids. The JCO contains about 13.89 % palmitic acid, 46.4% oleic acid, 7.16% stearic acid and 31.96% linoleic acid [2] . High percentage of oleic acids provides potential for low pour point biolubricant application. Furthermore, JCO is biodegradable and non-hazardous compared to conventional mineral-based oils. The JCO have very low volatility due to the high molecular weight of the triacylglycerol molecule and have a narrow range of viscosity changes with temperature. Polar ester groups are able to adhere to metal surfaces, and therefore, possess good boundary lubrication properties. In addition, JCO have high solubilising power for polar contaminants and additive molecules [3] .
Huge quantities of waste cooking oils and animal fats are available throughout the world, especially in the developed countries. Management of such oils and fats pose a significant challenge because of their disposal problems and possible contamination of the water and land resources. Even though some of this waste cooking oil is used for soap production, a major part of it is discharged into the environment [4] . Waste cooking oil, which is otherwise wasted, is one of the most economical choices to produce biodiesel. Since one of the major concerns on biodiesel production is the price of feedstock, utilization of waste cooking oil significantly enhances the economic viability of biodiesel production [5] .
Recently, genetic modification, additive treatment and chemical modification are applied to solve the problems associated with application of vegetable oils as lubricants. However, low resistance to oxidative degradation still remains the major drawback of vegetable oil application as the lubricants. Plus, their inherent disadvantages that limit their use in industrial applications, mainly destruction by oxygen, deterioration at high temperatures, and solidifying at low temperatures. To overcome these problems, a study had been carried out to blend WCO with JCO and effect of the parameters that influence of the fatty acid composition of WCO and JCO.
There are numerous variables may affect the response of the system studied, and it is difficult to control the contributions from each one. Therefore, screening designs should be carried out to determine which of the experimental variables and their interactions present more significant effects. Full or fractional 2-level factorial designs may be used for this purpose, because they are efficient and economical [6] . In this research, three factors, which are the molar ratio of waste cooking oil to Jatropha curcas oil (WCO:JCO), stirring speed and blending time were investigated. The effect of these factors was determined by using the 2-level factorial design.
Methodology

Experimental Procedure
The formulation of oil blending was beginning to blending preheated (50ºC) waste cooking oil (WCO) with Jatropha Curcas oil (JCO) in a different mole ratio, stirring speed and blending time (w/w) in 50 mL beaker. The oils were mixed using magnetic stirrer. The magnetic stirrer help to mix vigorously the mixture as well as the speed of magnetic stirrer will be monitored by hot plate stirrer. The experiment was carried out at room temperature and pressure [7] .
Design Of Experiment
2-Level Factorial Design
There were 3 factors involved in the experimental design which were ratio of oil blends (WCO:JCO), stirring speed and blending time. These factors were screened for their effects to the improvement of oleic acid content in oil blends using 2-level factorial design. Table 1 shows the factors and levels applied in 2-level factorial design. There were 27 experimental runs need to be completed to fill the experiment matrix. Percentage of oleic acid content was selected as the response for the experiment.
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Regression Analysis A multiple regression analysis was performed on a regression model which corresponds to the following first-order response function [8] :
where β o , β i and β ij are the regression coefficients for the intercept, linear and interaction coefficients, respectively, y is the dependent variable or the response, x i and x j are the independent variables or the factors in coded units, and ɛ is the error term. Estimation of the regression coefficients that caused the model to best fit a set of collected response variable data was carried out by the least squares method. A reduced regression model, which involved only the significant variables, was produced after examining the significance of each individual regression coefficient by Student's t-test at 5% significance level [8] [9] . All analysis was performed with the Design-Expert Software version 7.1.5. Table 2 listed 27 experimental runs required to screen the effect of the three parameters, WCO:JCO, stirring speed and blending time. Experiments were executed in 3 blocks, triplicate and according to the experimental sequence suggested. Experimental runs were randomized to minimize the effects of unexpected variability in the observed responses [10] . The improvement of oleic acid content in oil blends was evaluated by the normal probability plot of standard effects, Pareto chart and ANOVA analysis, to identify the most significant and non-significant factor effect in the blending process. Fig. 1 below shows the normal probability plot of all individual factors, as well as the interactions between factors and standardized effects. Factors which are not significant are normally distributed around mean zero, which is the straight line in the plot. In contrast, significant factors are located away from the straight line. The distance of the factor from the the straight line shows the level of significant of that particular factor, which the furthermost factor indicates largest significant effect [8] . From the plot, the significant effects are A (WCO: JCO), B (stirring speed) and C (blending time). Factor A its position is much farther away from the line near zero compared to factor B and C. Factor A was indicated the big effect of oil blending process. Thus the factor A, B and C were significant parameters in oil blending process. The above figure showed the Pareto chart that expresses the rank of each effect based on the T-value expression. The T value of factors A, B and C were exceeding the conservative Bonferroni limit, which provides the highest level of confidence, higher than 95%. This chart provide indication that parameter A, B and C effect the oil blending process, as suggested in the normal probability plot. It also can be concluded from the figure that factor A and B were the two most significant factor due to its T-value effects which exceed more than 10 respectively. The analysis of the normal plot chart and Pareto chart were than confirmed by analysis of varience ANOVA, as tabled in Table 3 . 
Results and Discussion
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Advanced Materials Engineering and Technology II B (stirring speed) and C (blending time) were found to be significant. In the interactions between parameters, the p-value of the interaction between A and B, as well as between A and C also found to be significant. The interaction of those three parameters, was also significant.
The "Curvature F-value" of 11.54 implies there is significant curvature (as measured by the difference between the average of the center points and the average of the factorial points) in the design space. There is only a 0.32% chance that a "Curvature F-value" could occur due to noise. The mathematical correlation between those three factors and the oleic acid content is as below: Y 1 = +6.45-0.46 A + 0.22 B + 0.081 C + 0.052 AB -0.050 AC + 0.027 BC + 0.049 ABC (2)
Summary
The screening of 3 factors, A (WCO:JCO), B (stirring speed) and C (blending time) affecting the blending process between waste cooking oil and Jatropha curcas oil indicates that all the three factors tested were significant to the oleic acid content. The highest percentage of oleic acid recorded was 53.31 % at molar ratio of WCO:JCO at 20:80, 350 rpm and time at 30 minutes. Meanwhile, the lowest value was 30.21% at molar ratio of WCO:JCO at 80:20, 125 rpm and time at 10 minutes. The value of percentage oleic acid from this research is found to be comparable to the other oils that were used as bio-lubricant base stock.
